Introduction
Since biological agents were introduced for patients with moderate to severe psoriasis, randomized controlled trials (RCTs) have shown substantial benefits of these treatments; both in terms of clinical skin involvement [1, 2] and in terms of health-related quality of life (HRQOL) [3] [4] [5] . RCTs are the gold standard for testing efficacy and safety in evidence-based medicine. Observational studies, on the other hand, are important when estimating effectiveness, i.e. how interventions work in real-world settings. RCTs may be very different from clinical practice because of study selection criteria. RCTs typically exclude older age groups and patients with comorbidities, and they are limited by short study periods and small samples [6, 7] . Observational studies are necessary in health economic evaluations, in order to ensure that society's money is well spent, but it may also provide a 'reality check' for physicians when individualizing patients' treatments. Observational studies of biological agents for psoriasis are rare [8] .
Swedish treatment guidelines state that the indication for biological agents in psoriasis is moderate to severe psoriasis in adults who do not respond to conventional systemic treatment or who show intolerance or contraindications to such treatments [9, 10] . The National Registry for Systemic Treatment in Sweden, PsoReg, makes it possible to analyse nationwide real-world data, where pa-tient characteristics and treatment compliance may be different from RCTs.
There are a number of measures to assess psoriasis [11, 12] . Whereas the clinical measure psoriasis area and severity index (PASI) and the dermatology-specific HRQOL measure dermatology quality of life index (DLQI) are widely used and valid measures in psoriasis [11] [12] [13] [14] [15] [16] [17] ; the generic preference-based EQ-5D questionnaire is a good complement [18] , essential in cost-effectiveness analyses [19] .
The objective of this study was to analyse the three key outcomes EQ-5D, DLQI and PASI in patients with moderate to severe psoriasis who switch from conventional systemic treatment to a biological agent in clinical practice, and to analyse which subgroups of patients benefit most from biological agents.
Patients and Methods

Study Patients
PsoReg, the National Registry for Systemic Treatment of Psoriasis in Sweden, was funded in 2007 [20] . Patients were registered at local, regional and university hospitals as well as private praxis and treatment centres driven by the patient organization PSO. There is no explicit information in PsoReg about reasons for switching to biologicals, or for discontinuing treatments. Data was retrieved in May 2011.
Outcome Measures
The generic preference-based HRQOL measure EQ-5D is based on 5 dimensions: mobility, self-care, usual activities, pain/ discomfort and anxiety/depression [21] . Respondents report (1) no problems, (2) some or moderate problems or (3) extreme problems in each dimension. This results in a health profile, for example '11222' which indicate no problems in mobility or self-care, but some problems with usual activities, pain/discomfort and anxiety/depression. Each health profile is associated with utility weights derived from a previous study [22] . These utility weights were normative assessments by the general population of the 243 possible combinations of health profiles. EQ-5D values can be used to calculate QALYs (quality-adjusted life years), which are necessary in health economic analysis. In this analysis, EQ-5D values below zero were truncated to zero.
The dermatology-specific, HRQOL measure DLQI relates to how the skin disease has affected the person's life over the previous week. The DLQI questionnaire includes 10 questions scored on a 0-to 3-point scale, which results in a summed value ranging from 0 (best health state) to 30 (worst health state). A DLQI score of 0-1 has been interpreted as 'no effect on QOL', 2-5 as 'small effect', 6-10 as 'moderate effect', 11-20 as 'very large effect' and 21-30 as 'extremely large effect' [23] .
The PASI includes the severity of the three main signs of psoriasis on the skin (redness, scaliness and thickness) weighted by the coverage of the affected body part (legs, body, arms and head) [24] . The PASI score ranges from 0 up to 72 in theory, where a higher score stands for a severer skin involvement of psoriasis. PASI 75 (a 75% improvement in PASI) is usually seen as the clinical end point in RCTs and has even been suggested as treatment goal in clinical practice [25] .
Approved biological agents for psoriasis in Sweden at the time of analysis were adalimumab, etanercept, infliximab and ustekinumab.
Analysis and Statistical Methods
Analysis of outcomes in relation to switch was limited to biological-naïve patients that had at least one assessment of PASI, DLQI and/or EQ-5D before and one assessment after switch from conventional systemic treatment to a biological agent. Observations closest in time to switch for each patient were used. The number of patients who had discontinued treatment with biological agents at the follow-up was reported. A Wilcoxon signed rank test was used to determine whether there was a difference in EQ-5D, DLQI and PASI before and after switch to a biological agent. The Wilcoxon signed rank test was used as variables were nonnormally distributed and dependent.
The benefit of the biological agent, in terms of change in EQ-5D, was analysed in different subgroups of patients: subgroups of pretreatment PASI and DLQI intervals of ^ 10 compared to 6 10, patients with PASI 1 10 and/or DLQI 1 10 compared to patients with PASI ^ 10 and DLQI ^ 10; patients with percentage change of PASI 75 compared to patients who did not achieve PASI 75; subgroups of different clinical characteristics of psoriasis (nail involvement, erythrodermia, palmoplantar non-pustular, general pustular, palmoplantar pustular and acrodermatitis continua suppurativa), and subgroups of first biological agent. The MannWhitney U test was used to determine whether there was a significant difference in outcomes between different patient groups.
Sex, age [18] and psoriatic arthropathy [26] are known confounders for HRQOL. Therefore, we controlled for these variables in an ordered logit regression analysis with EQ-5D change as the outcome. For the regression analysis, EQ-5D change was divided into 9 intervals of 1 to 1 0.75, 0.75 to 1 0.5, 0.5 to 1 0.25, 0.25 to 1 0, 0, ! 0 to -0.25 etc.).
Three sensitivity analyses were performed. Firstly, analysis included each patient's first assessments within the follow-up time of 12-52 weeks (opposed to the first follow-up after switch). Secondly, patients who discontinued biological agents were excluded. Thirdly, patients with uncommon clinical characteristics (erythrodermia, palmoplantar non-pustular, general pustular, palmoplantar pustular and acrodermatitis continua suppurativa) were excluded.
Patients were assumed to start their treatment when drugs were prescribed by the physician. Drug treatment was assumed to be ongoing until the last day of observation (May 20, 2011) unless a prior date of removal was registered. Patients who had received efalizumab as their first biological agent were excluded from the analysis as the drug was withdrawn in 2009.
Statistical analysis was performed using Stata statistical software (release 11.1, College Station, Tex., USA).
Ethical Concerns
This research was done in adherence to the Declaration of Helsinki guidelines and has been approved by the Umeå Ethical Review Board, Sweden. The project was conducted with informed consent from patients.
Results
When data was retrieved 2,923 patients were registered in PsoReg. There were 267 biological-naïve patients who switched to a biological agent during the period of observation and had assessments of PASI, DLQI and/or EQ-5D before switch and at the follow-up ( fig. 1 , table 1 ). There was no statistically significant difference in the distribution of sex between patients who switched to a biological agent during registration compared to patients who had previously used biological agents (p = 0.802). Switchers were somewhat younger than patients who had used biological agents previously, with a mean age of 51 years (SD = 13.7; p = 0.02).
The numbers of PASI, DLQI and EQ-5D assessments differed between patients, as well as the time between assessments ( table 1 ) . About 40% had more than 4 assessments and about 15% had more than 8 assessments. Up to 60% of patients assessed PASI, DLQI and EQ-5D the same day as the biological agent was initiated. 30% had the assessment before switch to a biological agent 2 months before switch and the remaining, about 10%, had the assessment more than 2 months before switch. About 1/3 of patients had the follow-up assessment less than 2 months after switch, 1/3 had it between 2 and 3 months and 1/3 had the follow-up assessment more than 3 months after switch. (Follow-up times differed somewhat between measures where PASI had, on average, shorter and EQ-5D longer follow-up times.) About 14% of patients had discontinued treatment with biological agents on follow-up, out of whom the majority, about 2/3 of patients, discontinued treatment more than 2 months before the follow-up assessment.
There were statistically significant differences in PASI, DLQI and EQ-5D (p ! 0.001) before switch to a biological agent and at follow-up ( fig. 2 , table 2 ) . The majority of patients, 76%, had PASI 1 10 and/or DLQI 1 10 before switch to a biological agent. One patient had a pretreatment PASI of 67.8, which is explained by the presence of erythroderma. Excluding the patient from analyses only changed results marginally.
The difference in EQ-5D increased with higher PASI and/or DLQI values before switch ( table 3 ).
PsoReg n = 2,923
Only conventional systemic treatment n = 2,060
Previously treated with biological agents n = 513
Assessment with PASI and/or DLQI and/or EQ-5D before and after switch n = 267
Assessment not sufficient for analysis n = 70
Efalizumab as first biological agent 1 (excluded) n = 13
Biological-naïve patients who switched to biological agent n = 350 Fig. 1 . Number of patients in PsoReg with conventional treatment/biological agents and assessments of PASI, DLQI and EQ-5D. 1 Efalizumab was withdrawn in 2009 and therefore excluded from analyses. 62% of patients had a PASI 50 and 38% had a PASI 75. 20% had a PASI 90. Patients who did not experience a reduction in PASI had limited change in EQ-5D.
There were no statistically significant differences between patients with or without nail involvement, in the change of EQ-5D (p = 0.922), or in EQ-5D, before (p = 0.899) or after switch (p = 0.799). For uncommon clinical characteristics, the general tendency was that patients did not respond as well to biological agents, but results were not statistically significant which is likely to be due to Dif ferences before and after in all outcome variables were significant at p < 0.001. limited sample size. The small sample of patients with erythroderma (n = 10), however, showed a tendency (p = 0.081) of a better EQ-5D change (-0.23).
There were no significant differences in the change of outcomes between different biological agents, which may be due to limited sample size.
The regression analysis with EQ-5D change as outcome variable showed that sex (p = 0.775), age (p = 0.115) and psoriatic arthropathy (p = 0.102) were not statistically significant, whereas PASI (p = 0.017) and DLQI (p ! 0.001) were statistically significant. Sensitivity analysis showed similar results (data not shown).
Discussion
The clinical severity of skin and HRQOL improved after switch from conventional systemic treatment to a biological agent in a real-world setting. Patients with PASI 1 10 and/or DLQI 1 10 before switch experienced the greatest benefit in HRQOL.
The Swedish national registry PsoReg allowed for an analysis of the effectiveness of biological agents in clinical practice. The strength of this study is the real-world data, which made it possible to analyse benefits in different subgroups of patients. Published RCTs have assessed the efficacy of biological agents in selected trial populations in psoriasis. Our evaluation of real-world effectiveness adds new results in patient groups where characteristics may be different.
Since the study was not protocol driven and there were no mandatory follow-up visits in PsoReg, patients had different follow-up times. Some patients had even discontinued biological treatment on follow-up. This is a weakness which comes with an observational design as these factors, naturally, influenced outcomes; some patients may not have reached the full treatment effect, and some may have had a relapse of disease after discontinuing treatment. Furthermore, as psoriasis is a chronic disease with varying episodes of more or less severity, assessment of outcomes at one point in time may be misleading. Nonetheless, sensitivity analyses with a longer follow-up and excluding patients who had discontinued treatment showed that the main results were robust. However, a positive effect of a longer follow-up time in the sensitivity analyses may be offset due to an increasing number of patients discontinuing treatment. A recent review study concluded that there is a lack of large-scale real-world studies of psoriasis patients, particularly involving patient utility [8] . Observational studies including utility are mainly limited to cross-sectional analyses [27] . However, a number of RCTs have included EQ-5D. The EQ-5D change was between 0.12 and 0.21 and the DLQI change was 7.7-11.5 with follow-ups between 12 and 54 weeks [4, 28, 29] , compared to changes of 0.12 and 5.9 for EQ-5D and DLQI, respectively, in the present study. The EQ-5D change was in the lower end of previous RCTs, and the DLQI was slightly lower than RCT values. However, DLQI and EQ-5D changes of 2.3-5.7 and 0.09-0.22, respectively, have shown to be the minimum important difference [15] . Our results were within these ranges. In a clinical trial of 50 mg etanercept once weekly, 37.5% of patients achieved PASI 75 after 12 weeks [28] , which was similar to our study. In the clinical trial 71% had PASI 75 at week 24 [28] . Whereas the treatment goal in RCTs is often PASI 75, the treatment goal in clinical practice may be individual for each patient. There is no measure of patient treatment satisfaction available in PsoReg.
There are several reasons why we cannot expect that results in register-based studies match those in RCTs. One previously mentioned reason is different follow-up times; another is differences in patient characteristics. RCTs normally exclude comorbidities, and most trials demand a pretreatment PASI 1 10. Furthermore, some RCTs exclude patients because of adverse events, unsatisfactory response or because of protocol violation. Our study included patients with comorbidities and with other clinical characteristics of psoriasis than plaque psoriasis. 37% of patients did not have a pretreatment value of PASI 1 10. Mean PASI scores at baseline in the studies mentioned above were between 14.5 and 21.4. It should also be acknowledged that the PASI can be affected by observer variation. In RCTs the assessment is made by a few trained physicians, whereas the PASI assessed in a national register of everyday clinical practice is dependent on several assessing physicians.
Despite the limitations of real-world data, results provide important knowledge about how treatment works in real-world practice. About a fourth of patients in this study who switched to a biological agent had pretreatment PASI ^ 10 and DLQI ^ 10. These patients did not benefit, on average, as much concerning HRQOL from biological agents as patients with severer psoriasis (PASI 1 10 and/or DLQI 1 10). This suggests that society could gain health (QALYs) by re-allocating resources from currently treated patients with low gains (low pretreatment PASI and DLQI scores) to untreated patients with potentially high gains (patients with high PASI and DLQI scores). Let us assume that about 25% of the approximately 1,500 patients currently treated with biological agents for psoriasis in Sweden would have PASI ^ 10 and DLQI ^ 10 with a utility (EQ-5D gain) of approximately 0.02. By re-allocating resources and treating patients with PASI 1 10 and/or DLQI 1 10 and potential utility of 0.14, we would gain 45 QALYs (0.25 ؒ 1,500 ؒ 0.12 = 45). This naïve estimate assumes that patients with PASI 1 10 and/or DLQI 1 10 currently treated with conventional treatments would respond as patients in our study and that utility would be constant over a year. Even though individual patients with low PASI and DLQI values may suffer from their disease, this study shows that, on average, patients with PASI 1 10 and/or DLQI 1 10 tend to have the highest benefits, suggesting that this patient group would be most cost-effective to treat.
When new treatments are introduced in clinical practice, it may be challenging to target the unselected patient groups for which these treatments are effective. Future research should investigate potential over-and undertreatment of biological agents in patients with moderate to severe psoriasis in clinical practice.
